Background: This study compares the immediate effects of local and adjacent acupuncture on the tibialis anterior muscle and the amount of force generated or strength in Kilogram Force (KGF) evaluated by a surface electromyography.
Background
Acupuncture is an integral part of Chinese medicine and is widely practiced in China and other countries [1] to treat conditions [2] and diseases such as myofascial pain syndrome [3] , muscle spasticity after stroke [4] , knee osteoarthritis [5, 6] and lower back pain [7] .
According to Chinese medicine, there is a network of meridians (jingluo) connecting functional organs in the human body. Acupuncture at specific acupoints along the meridians exerts therapeutic effects on nearby and/or distant regions. Previous studies [1] [2] [3] [4] [8] [9] [10] reported physiological effects of acupuncture.
Recent neural-imaging, pharmacological and electromyography data showed that some of the acupuncture effects were likely to be mediated by the activation of areas within the central nervous system (CNS) [8] . It was suggested that the hypothalamus-pituitary-adrenal axis and its neurotransmitters are associated with the excitability of the CNS observed under acupuncture [8] . Neural-imaging techniques also demonstrated some long-term plastic changes in the CNS after somatic sensory stimulation of the afferent fibers by acupuncture [1] . Furthermore, endocrine and immunologic responses of athletes to acupuncture were related to the stimulation of the sympathetic nervous system [9] . Bilateral motor unit activation was observed during unilateral acupuncture of active myofascial trigger points (MTrPs) via the CNS [3] and it was speculated that some acupoints as MTrPs caused the local increase of end plate noise (EPN) during acupuncture [10] . A decrease in electromyography activity has been reported in masticator muscles and spastic wrist flexor muscles of stroke survivors after acupuncture [2, 4] . Another study on anatomical localization of acupoints identified muscle spindles and other mechanoreceptors at the sites [11] known to influence excitability in human studies. Since ST and SP are joined meridians that commonly control muscle energy, it would be interesting to investigate how stimulations at different points on these two meridians could differentially affect the mechanical and electrical properties of a muscle.
This study aims to compare the immediate physiological effects of acupuncture on the local ST36 (Zusanli) and adjacent SP9 (Yinlingquan) acupoints in the tibialis anterior muscle so that we can verify whether acupuncture can modulate the electric stimulation and strength in the local and adjacent (relatively distant) regions of this muscle.
Methods

Subjects
Twelve male and 18 female subjects aged 18-25 years were recruited from the University of Sao Paulo between August and October in 2007. All subjects were healthy. The exclusion criteria were lower limb pain, trauma history, neuromuscular problems, pregnancy or any type of panic reaction to needles.
The subjects were assigned with the help of an independent researcher who did not know the aim of this study. The assignment was mainly based on the subject's own choice to join either the ST36 group or the SP9 group until both groups had 15 subjects (Figure 1 
Treatment
Acupuncture was performed by an acupuncturist with a certificate by the Federal Physical Therapy Council and Brazilian Society of Physical Therapists and Acupuncturists. Sterile and disposable acupuncture needles with tubes (0.25 mm in diameter, 40 mm in length, DongBang, Korea) were used. The local ST36 and adjacent (relatively distant) SP9 were used because ST36 is on the tibialis anterior muscle and SP9 was reported to be also effective in treating the muscular system [12] . The 'snapping technique' (without needle rotation) was employed at an insertion depth of approximately 1.5 cm. The duration of a treatment session was 20 minutes. The needles were stimulated during the first two minutes and for one minute at the fifth, tenth, fifteenth, nineteenth minutes of treatment. Each patient received only one treatment session. Figure 1 Flow diagram of the local and adjacent acupuncture. The diagram also includes the number of volunteers who were excluded from the trial.
Flow diagram of the local and adjacent acupuncture
Evaluation
Both groups were evaluated with surface electromyography of the tibialis anterior muscle before and after the acupuncture session.
Instrument
A six-channel surface electromyography machine with a force transducer (400c-200c model, EMG System of Brazil Co, Brazil) connecting to a Toshiba laptop computer was used. Disposable double superficial silver-silver chloride pre-gelled snap electrodes (10 mm in diameter and interelectrode distance, EMG System of Brazil Co, Brazil) were employed in the study.
Procedure
Before the electrodes were placed, skin was shaved and cleaned with 70% alcohol. Electrodes were placed while the subject sat on a treatment table according to the anatomical references and procedures in previous studies [13, 14] . The tibialis anterior belly was located by palpation during active dorsiflexion. The electrode site was two centimeters distal and lateral from the tibial tubercle. An electrode of reference (ground) was placed on the subject's radial styloid process; on the same side the tibialis anterior electrode was placed. These electrodes remained in place until the acupuncture treatment was done.
A force transducer was attached to the treatment table support and the dominant-side foot by a non-elastic material. The foot remained in slight plantar flexion due to the limitation in dorsiflexion range of motion (ROM) that the non-elastic material induced. It was necessary to have a decreased dorsiflexion ROM, to allow the isometric contraction of the tibialis anterior muscle. The subjects were asked to report any discomfort and ask questions during the procedure.
The electromyography and force transducer data of the tibialis anterior muscle were collected during the rest position and the isometric dorsiflexion was performed before and after acupuncture. The subjects were instructed to apply the maximum possible strength during the dorsiflexion and avoid any movement in the knees or hips.
Both ST36 and SP9 groups were submitted to the same procedures: (1) electromyography registration of rest position, (2) electromyography registration of the isometric dorsiflexion, (3) acupuncture at either ST36 or SP9 acupoints for 20 minutes, (4) electromyography registration of isometric dorsiflexion.
To ensure the quality of the signal, we determined the root mean square (RMS) of the rest position at 10% to 15% of the isometric contraction according to a previous study [15] . The RMS values were obtained from three contractions accomplished by the subjects. If the rest RMS was higher than the selected value, the subject was excluded from the study. Electromyography and force transducer data were compared before and after acupuncture during isometric dorsiflexion of the dominant-side foot.
Statistical analysis
RMS and KGF values obtained for each subject before and after acupuncture. The ratios of after-acupuncture values to before-acupuncture values were presented in percentage. The distribution of percentage data was confirmed by Kolmogorov-Smirnov test to have no significant deviation from a normal distribution. All data were analyzed by two independent researchers in our laboratory who were blinded to the group assignment. The data were reported as mean ± standard deviation (SD). Comparison between before-acupuncture and after-acupuncture conditions of same subjects was conducted by paired t-test. The differences between the groups after acupuncture were analyzed by non-paired t-test. All statistical analyses were conducted with SigmaStat 3.1 software. The results of all tests (including Kolmogorov-Smirnov, paired t-test, and nonpaired t-test) with P < 0.05 were considered to be statistically significant.
Results
Thirty subjects selected from a total of 56 volunteers were assigned to one of the two groups for acupuncture. The remaining 26 volunteers were excluded according to the exclusion criteria.
A significant decrease in the RMS values was observed in both ST36 (t = -3.80, P = 0,001) and SP9 (t = 6.24, P = 0.001) groups after acupuncture (Figures 2, 3 and 4) . There was a decrease in force in the ST36 group after acupuncture (t = -2.98, P = 0.006) ( Figure 5 ). The RMS values did not have a significant difference (t = 0.36, P = 0.71) ( Figure 6) ; however, there was a significant decrease in strength after acupuncture in the ST36 group compared to the SP9 group (t = 2.51, P = 0.01). No adverse events were found.
Discussion
The present survey found differences among the electromyography activities of the tibialis anterior muscle before and after acupuncture at acupoints ST36 and SP9 at the isometric contraction. The decrease in RMS values after acupuncture indicates that the electrical activity generated by the tibialis anterior muscle was reduced to allow relaxation [13, 14] .
RMS values in both ST36 and SP9 groups decreased after acupuncture. There were no significant differences in the RMS values between the two groups after acupuncture. Few studies were reported on acupuncture on muscle strength [16, 17] . In the present study, the local point group (ST36) showed a significant decrease in post acupuncture muscle strength value (KGF) while the adjacent point group (SP9) did not change in muscle strength. This new finding suggests that acupuncture at the local acupoint ST36 may influence the reflex loop of the tibialis anterior muscle thereby decreasing muscle strength. The finding that acupuncture at the adjacent point SP9 did not decrease muscle strength may indicate that SP9 did not act on the same reflex loop as ST36 did.
Further investigations are required to answer questions such as whether the stimulated muscle activities by acupuncture is sustainable after treatment and whether the acupuncture response in the tibialis anterior muscle may also occur in other muscles.
Conclusion
Acupuncture at the local acupoint ST36 or adjacent acupoints SP9 reduced the tibialis anterior electromyography muscle activity. However, acupuncture at SP9 did not decrease muscle strength while acupuncture at ST36 did. 
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